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W E KMEIRNIPEM (piperacillin, PIP) FEMSE TR 2R 22— ARSI E T PIP #E A [H]
TV . pH &M FAK s R H B s RS MLRE. fE pH M 3. 5. 5.6 (LZEwhER) | THIRET,
10 °C, PIP (- 2K fil 3R 26 PR 748410 0.497 ', pH & 9 I (%) PIP /K i R KT pH M 3. 5. 5.6 (G
ZEuhEh ) | 7 IR E R PIP (K i S N AR A2 pH B, FERRMESCIE T, PIP (9 K =4 & A IR
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Mechanism study on hydrolysis of piperacillin

SUN Chengyi' HU Shanshan' LING Wencui' JIANG Bao' WANG Yaling'
ZHANG Chong® LIU Fei® JING Xianglong' LI Guoao® ™

(1. Beijing Municipal Research Institute of Eco-Environmental Protection, National Engineering Research Center for Urban
Environmental Pollution Control, Beijing, 100037, China; 2. Beijing Key Laboratory of Water Resources and Environment

Engineering, China University of Geosciences (Beijing), School of Water Resources and Environment, Beijing, 100083, China)

Abstract Hydrolysis is a significant pathway for the migration and transformation of piperacillin
(PIP) in the environment. This study aimed to determine the hydrolysis rate constant, half-life, and
activation energy of PIP under different temperature and pH . The results showed that the average
hydrolysis rate factor of PIP increased by 0.497 h' for every 10 °C increase in temperature under the
conditions of pH 3, 5, 5.6 (no buffer salt), and 7. Moreover, when pH = 9, the hydrolysis rate of PIP
was greater than that at pH 3, 5, 5.6 (buffer free), and 7. The hydrolysis pathway of PIP is influenced
by pH. Under acidic conditions, the main hydrolysis product of PIP contains a pyrazine structure with
am/z =143 and m/z = 492; under weakly acidic and neutral conditions, PIP will form a relatively
stable dimer with its hydrolysis product, inhibiting further hydrolysis of PIP; under alkaline
conditions, the pyrazine structure in PIP’s hydrolysis product is unstable and will undergo further

hydrolysis. Additionally, the product with a m/z = 143 further hydrolyzes into a product with a m/z =
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100, the product with a m/z = 536 further hydrolyzes into a product with a m/z = 554.
Keywords piperacillin, hydrolysis, hydrolysis product.

WR 2 75 #K ( piperacillin, PIP) J& T~ 25 R i A R . Z A V5 /K A IRV 25 B 5L 15 K HAEHEIC S R
PIP ZEPR5 H 4 Kz 2 3L PIP 114 FTI JC 35007 ¥ & (Predicted No-effect Concentration, PNEC) %K (0.5 pg-L™"), F B H
PEARAIG (9 B 7K ST 30 ELA PR RS . (R 0, A A T PIP R /K SR i A8 e AL AL AR

K i 2 PIP FE/K B4 o (1 2R AR PIP (1 = ZARFE LS A8 2 431 N Y B- PR It e B S5 WR R 254, R L LA Ak
& H—NH,, —COOH FI—OH 4. BN It i 19 K fiff 2 75 25 3R B i 2R RAEPREE oK i i i B3 A, B B- PN e JH 3R 285
I o B2 BRI R AR T 22 ) 114 43 PRI P A S I, JHG S Iy S 36 A2 TR BE . pHL, 4 J B -4 5 w10,

ARSI E PIP FEA R EE . pH A58 T e BE BEN [R] 1942 4k, 3155 17 PIP B/K A B3 4, 2 515 MLRE. 456
TRAH 35 BTG 407, HE S PIP 72 R] pH 4518 T 7K i AL,

1 MBSk (Materials and methods)
1.1 #&5HE

S8 AR 3% (1260 infinity 11, Z25E4E, 22 [E), pH 31 (PHS-3C, Lif#F, d ), 8 iR 5% 5548 (SPX-250B, i
HREF IR A BR ], D, AR €55 7% (Xevo-TQD, Waters, 3 [H).

PR 4828 — IR A 47 (GR, dbatfb T, D), 2-3 2 &2 4R (CHES) (299.5%, BIHi T, ), 4-Nuk 2, fitf
2 (MES) (>99%, B[ 7 T, FP [ ), 3-1 Bk 5 fih iR (MOPS) (=99.5%, B[ T, FP[E ), PIP(99.0%, 1z M Wik, HE ), Thiig
(CMOS, FEZy4EHR, FE), AL (AR, VL TR A RA R, fRE), HEE(HPLC, IR T, FE).
12 AR

ERERNARZ: I 15 °CL 25 °C. 35 °C, pH My 3. 5. 5.6(FEZ il )| 7. 9, B—Fh SCU0 5504 19 2 i 1k 22 FAT D
3. RN AR RIS T B R, SCI T F A HL Y TR (5 P v R K B A AR RN T AR JR Y 4 TR N, e — g B TR
Vi) e AR 0
1.3 FESAT

WA 33 (5,354 (Poroshell EC-C18, 4 um x4.6 mm x 150 mm), #:3& 30 °C, T 220 nm ZMfi F} VWD & 0 £ #5470
FELHERERCN 10 pL, FEBIAE A FIG B AR B 43 %14 0.025 mol-L™ NaH,PO,(45%) F1 B B (55%) , i 1.0 mL-min™ .

TR AH (5,35 1« 45,354 Waters ACQUITY UPLC BEH C18(2.1 mm x 50 mm x 7 um); i shAH A FF shAH B 4051
0.1% B R -/K I AT 0.1% FP R - B B0 , I 3884 0.20 mL-min™'; (34T IR BE g 40 °C; ARG FERE R 9 10 uL. SR 4H
Fii R AR X5 5 T EE (m/z) S 50—600 A3 FEIAG I, B 1 IRHR BE R 150 °C; BN FL R 3.2 V5 Bl fs SRR v 770 A<
4320 50 L-h! A1 550 Lo, REEFREE N 550 °C. i sh A M 7E 0—2 min(A 95%, B 5%), 2—7 min(A H 95% FF#
%= 5%, BH 5% [TFHE 95%), 7—8 min(A 5%, B 95%), 8—10 min (A 1 5% FF+Z 95%, B 1 95% TRHEZE 5%).

2 R 5178 (Results and discussion)
2.1 IRFEXT PIP 7K (5% Wil

PIP 7 AN [A) R BE T A9 — R 3h 1 2 K B R | 252 0] MG AL B UL 1. 7 pH — 2 AU ST, PIP 7K M R H i iR
B T . 3k 5 E N ARG R R AR R, B BEE TR T, B R G KRS . AR pH 4544 T, PIP - R
SRR AR SR . TR PIP (YT YK i R AR AL R 1L, 7 pH = 3. 5. 5.6, 7. 9 B, &34 10 °C, PIP A9°F-3%
TR AR TR P4 S50 0.498, 0.499. 0.499. 0.496. 0.494 h™'. PIP )34 /K i i 2825 Ak [ A 3% pH S0, 75 A [A)
pH Z&1FF, B34 10 °C, PIP A3 K fif 82540 K74 0.497 h'.

R 1 RN PIP FEAIR] pH 28 1F T KAl | g 0 L 3% AL RE A 2N
Table 1 Effect of temperature on the degradation rate, half-life, and activation energy of PIP under different pH conditions

IR AR AR AU P M

pH 5 s G 50 1 1LRE/ (kI mol ")

3 0.0029240.8 0.0029]236.4 0.009572.6 453

5 0.0014/503.8 0.0016/439.2 0.0019|364.8 12.0

7 0.0018384.8 0.0108]64.3 0.0044/155.9 312

9 0.0269]25.8 0.1159]6.0 0.1515/4.6 62.9
5.6(JTCE L) 0.0013|536.6 0.0013|544.5 0.0032[217.6 34.1

2.2 pH X} PIP 7K fif B 5% 0

pH X PIP (137K ff T 350 UL 1. PIP fX7K i W32 pH BRI K, 24 pH = 9 I (/K S I e, pH = 3 IR 2,
pH = 7 848, 75 pH = 5 FIEZE Wtk 91 3R ol 0748 >4 pH /R [N, PIP /K S22 0 5 AL RE 2 S K, 26T PIP A 7K A o7
T TEAR IR S 36 % 24 R IV ot 500 b J, PIP 7 A S T Ao i T RS P-4 R, PRt AR SO 56 T PIP G
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T EAUE T 500 h FT A EE.

WFGE T, BatE 451 R F 5 B R P AE R MK, FER B RN &0 T, 2L FIREHELE, L
B 25 75 Ak ( Amoxicillin, AMX) S, 24 pH K T 9.63 B, AMX UL AMX> BB R AFFED. H B E LA ZA TEFRS
B, S8 5 &R KB I . B BLLAAD, Zhang SRR 5T 4 R, Sk IENH B B 2P AR R K g B AL VE . Skfuhr e
BT HEBEREIAER, TN EA B-HEHR. SBHE S F I B-PI B IR Co-Ns [ IR S AFE PR T 2. —
B H,0H M H S5 —OH R # I Cg 5 Ng; —2—OH Joilt I C, Mif5 HEEB BHILM O b, FFEHE Ny k. &4t
B, BE R TRER BN R T AT T PR BB T A — R T R RO, B R IR IR R N B A ) AL BRI pH W BT, B
U 25 1 —OH 381, 5 R T-55 —FpIF 3R N (1) 1E 171 85 31, 28 100 055 B- PN BB i B 235 40 114 7K fie.
2.3 PIP WYIKFR= 453 M1

B FHR A (35 RS XT 15 °C ATH] pH 2544 F KL 40 d J5 1) PIP B /K i P= 4y e A A 0. 40 1 a fif 7w, PIP (m/z =
518) (1) 44 ¥ 5} 6] ( retention time, RT) >4 6.0 min( & 1 a).pH = 9 i} (|8 1 b), PIP 58 & 7K fi# (££ 6.0 min 4k JC B, 1514 ) .
PIP 1Y 3 B K f# 7= 41 1 P1(m/z = 536) (RT = 5.7 min) . P4(m/z = 100) (RT = 2.0 min) . P6(m/z = 554) (RT = 5.2 min).
P1 Ky PIP ) B-PN BRI R TT 50 2 g 1) L B /K fit =gt

PIP m/z=518
ra L 920924
8 / Taw_sstie R
740 8.368.40
R o 5.66 641 677,683 7290 753 A7.89 941958
B 491 45519 572 WW 29589 75
002 515 060 976 410 400 4644 81X 813052 N 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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284 273 560

95T b P4 m/z=100 S POmM/Z=554 b1 miz=s36
e B 070 \201 \isze ¥ 866 2y
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168
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B ORBLPEARK AR 14 I (TIC)
(a) PIP; (b) pH=9; (c¢) pH=7; (d) pH=5.6; (&) pH=5; (f) pH=3
Fig.1 TIC on hydrolysis products from Piperacillin

pH=3 i}, PIP 5¢ & /K fift, K =¥ A P2(m/z = 143) (RT = 5.2 min) , P3(m/z = 492) (RT = 5.7 min) ([ 1 ).
P3 12 P1 & — AR IEJE IR AR Y, 1% SR AE pH = 3 I BE 255 Kk 209, P2 J2 PIP 4% T 2% 5t 5 K A =40 =190, J
Rk 4 i PIP £ JEURL 22 — U9 X [ PIP 7E pH = 3 Fl pH = 9 I (/K i 77 . A6 pH = 9 i, A6 10 P2, (K i HE M P4y
P2 7GR S5 1 N BIZK AR 1. TR R 25 R ZE PR S 1 T N, HEI P6 S PL AR R 45 44 A6 P 2 AR T 7K AR 1Y)
7.

pH=7.5.6.58(E 1c,d,e), PIP NTELIKME, PIP HFI UL 5390k 5.98., 3.63. 5.69 pg-L™". PIP i LK fiff =
Y24 P3. P5(m/z=359)(RT =6.0 min). 7E pH =7 i}, P1 #& i, 7€ pH =5 A¥, P2(m/z = 143) (RT = 5.2 min) k1. P5 f£7E
T PIP (2R Bik th, J2& PIP 76 PR 55 1F 1 UL K i 7= ™). 5 pH=3 Hl pH=9 A [A], 7£ pH =17, 5.6, 5 It PIP K54
K St SRR AT RE R P1AE T RIS IR PE A T N ERSE , 455 5 PIP JE WUERE 1Y — SRAKDY, —SRAKMAFAE 23 ] PIP 19
KA. 24 pH = 9 I, PIP PRBUKAE, A 55 PLIEE P7(m/z = 1035) (18 2). WF5T M, 55M2 414 F 60T P7 (04 i1,
X5 FRATIAE B PIP R Ax vk B 1 22 5 B A M ) B B PT A A7 A il 45 4 o R AN S5 R 4% 14, PIP £ 500 h )5 ik 5
PIP. P1 5 P7 Z AR A2/~ A5, s T4 T PIP A 7K fig. PIP AT HE Ay 7K g AL 3G UL I 2.
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Fig.2 Hydrolysis mechanism of Piperacillin

3 Z5#(Conclusion)

(1) JEEEFEHE T 10 °C, PIP B9S24 /K fire i SR X 748 4111 0.497 h'.
(2) pH 3 3 208 PIP 75 S AR 28 Fh B AEAEIE 2K, 1 T 5% 0 HK A 64 B B 345 B 2542 F PIP /K i BB
) BRESMET, PIP 23T N IR BRZ5 M R Fa 8 , 3 0E— 2B /KAt miz = 143 9778030t — 25 K N m/z = 100 Y K 5

FEH, m/z = 536 PR E— K R m/z = 554 BUK SR FEY) .

(4)PIP 5 HIK At 741 (m/z = 536) JE WA — RAATESS IR LA TP 25 44 F 2 PIP A 7K A%
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